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We report the first experimental demonstration that two light pulses were made motionless and
interacted with each other via a medium. The interaction time is, in principle, as long as possible
and a considerable efficiency can be achieved even below single-photon level. We utilized the optical
process of one photon pulse switched by another based on the effect of electromagnetically induced
transparency to demonstrate the enhancement of optical nonlinear efficiency. With moving light
pulses, the switching is activated at energy per area of 2 photons per atomic absorption cross section
in the best situation as discussed in [Phys. Rev. Lett. 82, 4611 (1999)]. With motionless light
pulses, we demonstrated that the switching is activated at 0.56 photons per atomic absorption cross
section and that the light level can be further reduced by increasing the optical density of the
medium. Our work enters a new regime of low light physics.
PACS numbers: 42.50.Gy, 32.80.Qk
Efficiency of a nonlinear optical process is equal to the
product of transition rate and interaction time. Since
the transition rate is dependent on the light intensity, a
high intensity laser field is usually required in the nonlin-
ear optics in order to achieve sufficient efficiency. On the
other hand, if the interaction time can be made as long
as possible, high efficiency can also be achieved even at
low-light or single-photon level. With the techniques of
light storage (LS) [1–4] and stationary light pulse (SLP)
[5, 6], we report the first experimental demonstration of
enhanced nonlinear efficiency due to long interaction time
between two motionless light pulses. In the LS, the stor-
ing process converts a light pulse to the ground-state co-
herence of an ensemble and the retrieving process vice
versa. The LS provides a way to transfer quantum states
between photons and atoms and can lead to the appli-
cations of quantum memory [7–9]. The SLP is created
by the counter-propagating scheme of four-wave mixing.
Unlike the stored light in the LS, an SLP maintains its
electromagnetic component which is required for nonlin-
ear optical interactions. Nevertheless, the formation of
SLP was observed via the remaining energy released from
the medium [5, 6]. This work is also the first SLP ap-
plication and provides the direct evidence of SLPs being
electromagnetic fields in the medium. As SLPs signifi-
cantly increase the interaction time between matter and
light, they are very promising for applications in low-
light-level nonlinear optics [10] and studies in quantum
many-body physics [11–13].
As a proof-of-principle experiment, the nonlinear op-
tical process that we considered is the all-optical switch-
ing (AOS) proposed by Ref. [14]. A weak probe and a
strong coupling fields form the Λ-type configuration of
electromagnetically induced transparency (EIT) [15, 16]
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and, hence, the absorption of the probe field is sup-
pressed. The presence of a weak switching field enables
the probe absorption owing to the third-order susceptibil-
ity [17, 18]. If one photon switched by another is achiev-
able, the single-photon AOS can lead to the interesting
idea of three-fold entangled state and provide applica-
tions in quantum information manipulation [14, 19, 20].
However, Ref. [21] predicts that the switching efficiency
has a limit that can hinder the single-photon AOS. The
switching efficiency, ψ, is defined as
R = exp[−ψ(N/A)σ], (1)
where R is the probe attenuation, (N/A) is the number
of switching photons per unit area, σ = [3λ2/(2pi)]C2 is
the atomic absorption cross section, λ is the wavelength,
and C is the Clebsch-Gordan coefficient of the switching
transition. With the probe pulse being slow light and
the switching pulse propagating at the speed of c, the
maximum ψ is 0.5, i.e. the attenuation of e−1 requires
the light level of 2 photons per σ [21]. The limitation
of ψ is resulted from the temporal overlap or interaction
time between the two pulses in the medium. A slower
probe pulse enhances the third-order susceptibility but
shortens the interaction time due to a larger mismatch
of the two pulse speeds and does not improve ψ at all.
In order to prolong the interaction time between two
light pulses and enhance the switching efficiency, the
probe pulse was stopped in the form of ground-state co-
herence as the stored light and the switching pulse was
stopped in the electromagnetic form as the SLP. During
the storage of the probe pulse, the stationary switching
pulse also drove the transition that destroyed the ground-
state coherence of the stored probe pulse. Consequently,
the retrieved probe pulse was attenuated due to the pres-
ence of the switching pulse. A very long interaction time
of 6.9 µs was achieved by a large optical density (OD)
of 190 in our system. This interaction time makes the
system analogous to the scheme of trapping light pulses
2by an optical cavity with a decay time constant of 3.45
µs or a Q factor of 8× 109. With such interaction time,
we achieved about 4-fold improvement in the switching
light level as compared with the scheme in Ref. [21]. The
theoretical study in Ref. [10] claims that the nonlinear
efficiency due to two motionless light pulses depends on
OD linearly. Although our experimental approach is dif-
ferent, we still demonstrated that the interaction time as
well as ψ is linearly proportional to OD. In principle, be-
cause the interaction time can be as long as possible, ψ
has no upper limit with the motionless light pulses. This
makes single-photon AOS as well as cross-phase modula-
tion more feasible [10, 22].
To make the two pulses interact with each other, we
created two EIT systems in the medium of 87Rb atoms as
shown in Fig. 1(a). Using the method of optical pump-
ing, we put the population only in the two ground states
of |1〉 and |5〉. With the population in |1〉, the probe
pulse (Ωp denotes its Rabi frequency) and coupling field
(Ωc) form the 795 nm EIT system; with that in |5〉, the
switching pulse (Ω±s ) and its coupling field (Ω
±
cs) form the
780 nm EIT system. The timing sequence is depicted in
Fig 1(c). We first fired Ω+s and stored it by turning off
Ω+cs. Then, we sent Ωp and stored it by switching off
Ωc. The two storing processes occurred when the two
pulses arrived approximately in the center of the atom
cloud. During the storage, we simultaneously turned on
counter-propagating Ω+cs and Ω
−
cs to produce the station-
ary switching pulse (Ω±s ). At the same time, the double-
switching field (Ess) was also switched on. Hence, the
stored Ωp was destroyed by the presence of Ω
±
s as illus-
trated in Fig. 1(b). Finally, we released the remaining Ωp
from the atom cloud and measured the retrieved probe
energy. We applied Ess for the following reason. The
switching transition of |2〉 → |4〉 shown in Fig. 1(b) is
also linked by the coupling transition of |8〉 → |4〉, form-
ing the EIT configuration that prohibits the switching
effect. In order to overcome this EIT configuration, Ess
drove the transition of |8〉 → |3〉 and enabled the three-
photon transition of |2〉 → |4〉 → |8〉 → |3〉. It had a Rabi
frequency much greater than that of the coupling tran-
sition, making the three-photon transition equivalent to
the switching transition existing alone [14].
We made the theoretical predictions by numerically
solving the Maxwell-Schro¨dinger equations of the light
pulses and the optical Bloch equations of the atomic
density-matrix operator. The equations for the 780 nm
EIT system are given by [6, 23]
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FIG. 1: (color online). (a) and (b) Relevant energy levels
and laser excitations in the experiment. Ωp & Ωc form the
795 nm EIT system of stored light. Ω±s & Ω
±
cs form the
780 nm EIT system of SLP. (c) Timing sequence of stored
light switched by stationary light. (d) Schematic experimen-
tal setup and image of the atom cloud. PMT1 and PMT2:
photo multipliers; APD: avalanche photo detector; PMF:
polarization-maintained optical fiber; CPL: optical fiber cou-
pler; BS: cubed beamsplitter; PBS: cubed polarizing beam-
splitter; DBS: dichroic beamsplitter; λ/4: zero-order quarter-
wave plate; L1-L5: lenses.
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where +/− indicates the fields and optical coherences
(ρij) in the forward/backward direction, Γ is the sponta-
neous decay rate of the excited state, L is the length of
the medium, and αs and γs denote the OD and the de-
phasing rate in the 780 nm EIT system. We also included
the effect of phase mismatch (∆k) [24], occurring in the
four-wave mixing process that produces the SLP. Besides
the attenuation due to the motion of pulse broadening
and the energy loss due to leaking out of the medium
cause the SLP decay [25], a larger ∆kL makes the decay
faster. Furthermore, the equations for the 795 nm EIT
system under the presence of the stationary switching
field are given by [17]
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where αp and γp denote the OD and the dephasing rate
in the 795 nm EIT system. To study the AOS, we solved
Eqs. (2)-(11) altogether.
The experiment was carried out in the cigar-shaped
cloud of cold 87Rb atoms [26]. Typically, we produced
1.0×109 atoms with a temperature of about 300 µK [27].
Figure 1(d) shows the schematic experimental setup and
the image of the atom cloud. We performed the measure-
ments of slow light, storage of light, and SLP in the two
EIT systems to identify the condition of the experimental
system. The slow-light and storage-of-light data demon-
strate that the total OD is 190 and the coherence time is
around 50 µs in our system. This large OD was achieved
with the technique of dark compressed magneto-optical
trap [28, 29]. The coherence time is such long that the
advantage of motionless pulses at the present OD can be
fully utilized and the dephasing rates are negligible. The
SLP data indicate that ∆kL (the product of phase mis-
match and medium length) is about 5.5 in our system,
which can be caused by misalignment and focusing of the
laser beams. This ∆kLmakes the SLP decay about twice
faster and will be used in the calculation thereafter. De-
tails of the experimental method and figures showing the
data of the above measurements can be found in Supple-
mental Material [30].
To ensure that the probe and switching beams
completely overlap in the interaction region, we sent
these two light beams through the same polarization-
maintained optical fiber as shown in Fig. 1(d). Com-
ing out of the optical fiber, the two beams had the same
Gaussian intensity profile with a beam waist of w. Hence,
the probe attenuation should be revised to
R =
∫
e−ψ(N/A)σe
−2r2/w2
e−2r
2/w22pirdr
∫
e−2r2/w22pirdr
=
1− e−ψ(N/A)σ
ψ(N/A)σ
,
(12)
where (N/A) is the number of photons per area corre-
sponding to the center switching intensity. Throughout
the experiment, the energy of the input probe pulse was
about 8 fJ and that of the input switching pulse ranged
between 7 and 150 fJ.
We first verified that the switching efficiency (ψ) has
a limit in the AOS scheme studied in Ref. [21] and used
this limit to calibrate the switching intensity. The probe
pulse was the slow light. We removed the population
from the 780 nm EIT system to make the switching pulse
propagate at the speed of c. The two pulses were fired
at the same time and had the same temporal width. In
this AOS scheme, ψ is a function only depending on the
ratio of the medium length to the probe spatial width
inside the medium [21]. This ratio is approximately
equal to (αpΓ/Ω
2
c)/Tp, where αp is the OD and Tp is
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FIG. 2: (color online). (a) Switching efficiency versus ratio of
OD in the 795 nm EIT system to square of the coupling Rabi
frequency in the case of slow light switched by speed-of-c light.
αp = 3∼50 and Ωc = 0.77∼0.92Γ. (b) Probe attenuation
versus number of switching photons per atomic absorption
cross section in the two cases of slow light switched by speed-
of-c light (squares) and stored light switched by stationary
light (circles). In the first case, αp = 70 and Ωc = 0.73Γ; in
the second case, αp = 72, Ωc = 0.73Γ, αs = 110, Ω
±
cs = 0.75Γ,
and the SLP duration is 5.0 µs. Black solid lines are the
theoretical predictions. Green, Red, and blue dashed lines
are the plots of Eq. (12) with ψ = 0.45, 1.49, and 1.64.
the pulse temporal width. With the input pulse width
fixed, Fig. 2(a) shows that ψ monotonically increases
with αp/Ω
2
c and asymptotically approaches to the max-
imum value of 0.45. The experimental data (squares)
are in good agreement with the theoretical prediction
(solid line) calculated from Eqs. (7)-(11). The behavior
of ψ is also very similar to the prediction in Ref. [21]. A
small difference between ψmax = 0.45 obtained here and
ψmax = 0.5 in the ideal condition should be due to the
assumption used in the analytical derivation of Ref. [21].
Under the condition that αp/Ω
2
c is large enough such that
ψ reaches the maximum value, we calibrated the switch-
ing intensity (∝ N/A) by comparing the experimental
data with the theoretical prediction. Because ψmax is af-
fected by the OD and coupling Rabi frequency very little,
this made our calibration robust and accurate.
We demonstrated that the switching efficiency (ψ) in
the AOS scheme with the motionless light pulses can far
exceed the above limit. The circles in Fig. 2(b) show such
experimental data. The probe attenuation is determined
by the ratio of the retrieved probe energies with to with-
out the presence of the switching pulse. The (N/A)σ
is the switching photon number per atomic absorption
cross section at the very beginning of the SLP formation.
We determined (N/A)σ by considering the temporal pro-
file and calibrated intensity of the input switching pulse
as well as the attenuation during the pulse propagation.
The theoretical prediction (black solid line) was calcu-
lated by numerically solving Eqs. (2)-(11) and integrat-
ing the solutions over the Gaussian beam profile. From
the theoretical calculation, we find ψ slightly depends on
(N/A)σ in the case of stored light switched by SLP. The
red and blue dashed lines are the plots of Eq. (12) with
ψ = 1.49 and 1.64, respectively. As a comparison, the
squares in Fig. 2(b) show the experimental data taken in
the AOS scheme with the moving pulses as discussed in
40.0
0.2
0.4
0.6
0.8
1.0
0 1 2 3 4 5
Re
m
ai
n
in
g 
En
er
gy
(ar
b.
 
u
n
its
)
SLP Duration (µs) 
30 50 70 90 110 130
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
 
(a)
α
s
τ S
LP
 
(µs
)
40 60 80 100 120
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0 (b)
ψ 
 
α
s
1.0
1.5
2.0
2.5
100 150 200 250 300
ψ  
 
 
Total OD
FIG. 3: (color online). (a) SLP decay time constant versus
OD of the SLP, i.e. the stationary switching pulse. Dashed
line is the best fit with a linear function. Inset: SLP remain-
ing energy versus SLP duration at αs = 115 (red) and 53
(blue). Dashed lines are the best fits with an exponential de-
cay function, showing the time constant = 3.45 and 1.28 µs.
(b) Switching efficiency versus αs. Circles are the experimen-
tal data taken under αp = 68∼72, Ωc = 0.70∼0.73Γ, and Ω
±
cs
= 0.74∼0.76Γ. Black line is the theoretical prediction calcu-
lated at αp = 70, Ωc = 0.72Γ, and Ω
±
cs = 0.75Γ. Inset: Total
OD is equal to the sum of αs and αp. Black line is calculated
with αp = 70; red line with αs = αp.
Ref. [21] when ψ reaches the limit. The black solid and
green dashed lines are the theoretical prediction and the
plot of Eq. (12) with ψ = 0.45. The comparison between
the data of circles and squares clearly manifests the sig-
nificant enhancement by the AOS scheme with the mo-
tionless light pulses. Representative data of signal versus
time in the two AOS schemes can be found in Supple-
mental Material [30].
Finally, we want to demonstrate that the switching
efficiency (ψ) in the AOS scheme with motionless light
pulses is not limited to the present result and can be fur-
ther improved by increasing the OD of the system. In
Fig. 3(a), the inset shows that the SLP remaining energy
decays exponentially against time. The main plot dis-
plays the experimental observation that the SLP decay
time constant (τSLP ) is linearly proportional to the OD
for SLPs (αs). Such result is expected. As mentioned
before, the SLP decay is mainly due to broadening mo-
tion and leaking out of the medium. A larger OD cer-
tainly reduces these decay effects and increases the SLP
surviving time. A longer SLP surviving time is equiva-
lent to a longer interaction time between the probe and
switching pulses and, hence, results in a better switching
efficiency as experimentally demonstrated by the circles
in Fig. 3(b). We took the experimental data by fixing the
OD for the stored probe pulse (αp) and varying αs. The
SLP duration was set to twice of τSLP . We fitted the
experimental data, representatively shown by Fig. 2(b),
with Eq. (12) to extract ψ. The maximum achievable ψ is
around 1.8 in this study. The black solid line in Fig. 3(b)
is the theoretical prediction calculated from Eqs. (2)-(11).
The agreement between the prediction and data is sat-
isfactory except the data point at the smallest αs. A
smaller phase mismatch (∆kL) at this αs causes the dis-
crepancy. The slope of the black line decreases as αs
increases. Such behavior is more noticeable in the in-
set which covers αs up to 250. As αp is kept the same
and αs increases, the spatial profile of the stored probe
pulse is unchanged and that of the stationary switching
pulse becomes narrower in the medium. The portion of
the stored probe pulse that is affected by high switching
intensity becomes less. This makes the switching less ef-
ficient. By setting αp equal to αs, the red line in the inset
of Fig. 3(b) shows a constant slope. Hence, the switching
efficiency can be enhanced by the total OD linearly.
One can increase the atomic density and shorten the
medium length (L), e.g. cold atoms in an optical dipole
trap or Bose condensates, to keep OD high and make the
effect of phase mismatch (∆kL) negligible. This immedi-
ately improves the switching efficiency (ψ). For example,
if we can make ∆kL ≤ 0.5, ψ will be about 3 at the to-
tal OD of 190. Furthermore, the current scheme can be
readily applied to the cross-phase modulation (XPM),
i.e. the phase of a photon pulse modulated by another.
While the probe attenuation is written as Eq. (1) at ∆
(switching detuning) = 0, the probe phase shift is given
by ψ(N/A)σ∆Γ/(Γ2 + 4∆2) [22]. At ψ = 3 and the op-
timum |∆| of 0.5Γ, a single photon tightly focused to an
area of around 100λ2 can induce a phase shift of the or-
der of 0.01 radians which is certainly measurable [31].
The single-photon XPM is not far from reality with the
current scheme.
In conclusion, we have demonstrated that the switch-
ing is activated at 0.56 photons per atomic absorption
cross section or the switching efficiency is 1.8 in the
scheme of stored light switched by stationary light. We
also showed the great potential of this scheme that the
switching efficiency is not limited to the present result
and can be further improved by increasing the OD of the
medium. Our work advances the technology in low-light-
level nonlinear optics and quantum information manipu-
lation utilizing photons.
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Supplemental Material
We carried out the experiment in the cigar-shaped
cloud of cold 87Rb atoms produced by a magneto-optical
trap (MOT) [26]. The image of the atom cloud is shown
in Fig. 1(d). Typically, we trapped 1.0 × 109 atoms in
the MOT with a temperature of about 300 µK [27]. With
the method of optical pumping, we put the population
only in the two ground states of |F = 2,m = 2〉 (|1〉) and
|F = 1,m = 1〉 (|5〉) as shown in Fig. 1(a). Let F , F ′,
and F ′′ represent the hyperfine levels in the 5S1/2, 5P1/2,
and 5P3/2 states, where the spontaneous decay rate (Γ)
of the F ′ and F ′′ levels is approximately 2pi× 6 MHz. In
the 795 nm EIT system, the probe (whose Rabi frequency
is denoted as Ωp) and coupling (Ωc) fields were circularly
polarized with left (σ−) and right (σ+) helicities. The
two fields drove the transitions of |F = 2,m = 2〉 →
|F ′ = 1,m = 1〉 and |F = 1,m = 0〉 → |F ′ = 1,m = 1〉.
They came from two lasers, one of which was injection-
locked by another. In the 780 nm EIT system, the switch-
ing (Ω+s , i.e. the probe in the EIT point of view) and for-
ward/backward coupling (Ω±cs) fields all had the σ+ po-
larization and drove the transitions of |F = 1,m = 1〉 →
|F ′′ = 2,m = 2〉 and |F = 2,m = 1〉 → |F ′′ = 2,m = 2〉.
The switching and two coupling beams came from the
diode lasers, which were all phase-locked to each other.
The double-switching (Ess) field drove the transition of
|F = 2,m = 0〉 → |F ′ = 1,m = 1〉 and its purpose has
been described in the paper. The experimental setup is
illustrated in Fig. 1(d). To ensure that the probe and
switching beams completely overlap in the interaction
region, we sent these two light beams through the same
polarization-maintained optical fiber. Coming out of the
optical fiber, they were focused into a beam size with the
e−2 full width of 150 µm and propagated along the ma-
jor axis of the atom cloud. A small DC magnetic field of
about 0.1 G was applied. All laser beams used in the ex-
periment were independently switched by acoustic-optic
modulators.
Before performing each measurement, we momentarily
employed the technique of dark compressed MOT (dark-
CMOT) for about 7 ms to increase the atomic density of
the system [28, 29]. The transverse (longitudinal) mag-
netic field gradient of the MOT was increased from 11
(1.3) to 14 (1.7) G/cm and the intensity of the MOT
repumping field was reduced from 1.5 mW/cm2 to 4.4
µW/cm2. This dark-CMOT process enhanced the op-
tical density (OD) of the system by more than 3 folds.
The maximum OD of about 190 was achieved in this
work. Denote the time of firing the switching pulse as
t = 0. After the dark-CMOT process, we turned off
the magnetic field at t = −700 µs. The 795 nm cou-
pling and 780 nm forward coupling fields were switched
on at t = −50 µs. Only the ground states of |1〉 and
|5〉 were not driven by these two coupling fields. This
is how we can accumulate all population in these two
states. The population can be pumped out of |1〉 by the
MOT trapping field. We adjusted the switching-off time
6of the trapping field to control the populations in the two
states and, consequently, the ODs in the 795 nm (αp)
and 780 nm (αs) EIT systems. For example, switching
off the trapping field at t = −20 µs results in the ODs in
Fig. S2(b). Once the populations or ODs in |1〉 and |5〉
were prepared, we proceeded a designated measurement.
To identify the experimental condition, we performed
the measurements of slow light, storage of light, and sta-
tionary light. Figure S1(a) shows the experimental slow-
light data of the 795 nm probe and 780 nm switching
pulses taken in the same measurement. From the delay
times and attenuations of the output pulses, we can esti-
mate the ODs and the coupling Rabi frequencies in the
two systems. The measurement shows that the total OD
(= αp + αs) in the experiment is 190. In Fig. S1(b),
we stored the probe pulse in the atoms by switching off
the coupling field; in Fig. S1(c), we stored the switching
pulse in the similar way. The stored pulse was retrieved
by switching on the coupling field. After a 10-µs stor-
age time, the remaining energies of the pulses released
from the atoms determine the dephasing rate of the probe
pulse (γp) and that of the switching pulse (γs). The de-
phasing rates show that the coherence time in our system
is around 50 µs. In Fig. S1(d), the timing sequence is the
following. The switching pulse was first stored. During
the storage, we simultaneously switched on Ω+cs and Ω
−
cs
to form the stationary light pulse (SLP). After a 4-µs
duration, the SLP was converted to the moving pulse
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FIG. S1: Experimental data and theoretical predictions of
the two slow light pulses in (a), storage and retrieval of 795
nm light in (b) as well as of 780 nm light in (c), and sta-
tionary light in (d). Red (blue) circles and solid line are the
experimental data of the 795 nm (780 nm) input and output
probe (switching) pulses. The input pulses are scaled down
by a factor of 0.1. Red dashed line (blue dashed line and
open squares) is the experimental data of the 795 nm cou-
pling field (780 nm forward and backward coupling fields).
Gray and black solid lines are the Gaussian fits of the input
pulses and the theoretical predictions of the output pulses.
In the 795 nm EIT system, αp = 80, Ωc = 0.71Γ, and
γp = 2.5 × 10
−4Γ. In the 780 nm EIT system, αs = 110,
Ω±cs = 0.73Γ, γs = 3× 10
−4Γ, and ∆kL = 5.5.
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FIG. S2: (a) and (b) are the representative data of slow
light switched by speed-of-c light and stored light switched
by stationary light. The energy per unit area for perform-
ing a switch off is about 1 photon per atomic cross section.
The data were taken under αp = 70, Ωc = 0.73Γ in (a) and
αp = 72, Ωc = 0.73Γ, αs = 110, and Ω
±
cs = 0.75Γ in (b).
In addition to the legends having been described in Fig. S1,
green open squares are the double-switching field; red and
magenta solid lines are the output probe pulses without and
with the presence of the switching pulse; black dashed lines
are the Gaussian best fits. The input pulses are scaled down
by factors of 0.2 and 0.05.
leaving the atoms by shutting off only Ω−cs. Details of
the SLP formation can be found in Ref. [6]. All the solid
black lines in the figures are the theoretical predictions
calculated from Eqs. (2)-(11). The comparison between
the SLP data and the prediction indicates that there ex-
isted ∆kL = 5.5 in our system, where L is the medium
length and ∆k is the phase mismatch [24], occurring in
the four-wave mixing (FWM) process that produces the
SLP. The experimental data and the theoretical predic-
tions are in good agreement, providing the accurate ex-
perimental condition.
We used two photo multipliers (Hamamatsu PMT
H6780-20 and amplifier C9663 or C6438-01) to detect
the signals of the probe and switching pulses. The out-
puts from the PMTs were averaged 256 times by a dig-
ital oscilloscope (Agilent MSO6014A). The peak powers
of the output probe and switching pulses in Fig. S1(a)
were about 1 nW and 8 nW.
In the study of all-optical switching (AOS), we opti-
mized the frequency of the switching pulse to maximize
the switching efficiency. Figure S2(a) shows the repre-
sentative data of the slow-light probe pulse switched by
the switching pulse propagating at the speed of c. We
depleted the population in the state of |5〉 and fired the
both pulses at the same time. The both input pulses
had the same Gaussian temporal profile with e−2 full
width of 0.88 µs. Figure S2(b) shows the representative
data of the stored probe pulse switched by the stationary
switching pulse. Refer the timing sequence in Fig. 1(c).
We first fired the switching pulse and stored it by turn-
ing off the 780 nm forward coupling field. Then, we sent
the probe pulse and stored it by switching off the 795
nm coupling field. The two storing processes occurred
when the two pulses arrived approximately in the center
of the atom cloud. During the storage, we simultane-
ously turned on Ω+cs and Ω
−
cs to produce the SLP. At the
same time, the double-switching field was also switched
7on. At the SLP period, e.g. 5.0 µs used in Fig. S2(b), the
stored probe pulse was destroyed by the presence of the
SLP as illustrated in Fig. 1(b). Finally, we released the
remaining probe pulse from the atom cloud and mea-
sured the probe energy. The far-detuned transition of
|F = 2,m = 2〉 → |F ′′ = 3,m = 3〉 induced by Ω±cs
reduced the stored probe signal. Hence, the probe atten-
uation was determined by the ratio of the retrieved probe
energies with to without the existence of the switching
pulse, while all the other laser fields were always present.
The red and magenta solid lines in Figs. S2(a) and S2(b)
are the output probe pulses without and with the pres-
ence of the switching pulse.
